The magnetar Swift J1818.0-1607 was discovered in March 2020 when Swift revealed a 9 ms hard X-ray burst and long-lived outburst. Prompt X-ray observations revealed a spin period of 1.36 s, soon confirmed by the detection of radio pulsations. We report here on the analysis of the Swift burst and follow-up X-ray and radio observations. The burst average luminosity was L burst ∼ 2 × 10 39 erg s −1
INTRODUCTION
The emission of magnetars is believed to be powered by the dissipation of their unstable strong magnetic fields (B ∼ 10 14 -10 15 G; see Kaspi & Beloborodov 2017; Esposito et al. 2018 for recent reviews). At variance, in the vast majority of radio pulsars, rotational energy provides the energy budget for particle acceleration, ultimately leading to their radio to gamma-ray emission. However, a well-defined dichotomy between the two classes was shown to be inadequate. In particular, magnetar-like X-ray activity was found from pulsars with powerful rotational energy losses such as PSR J1846−0258 (Gavriil et al. 2008) and PSR J1119−6127 (Archibald et al. 2016) , whereas pulsed radio emission was detected from several magnetars in outburst. Moreover, enigmatic magnetars having dipolar magnetic fields as low as a few 10 12 G (Rea et al. 2010 or spin periods of the order of a few hours (De Luca et al. 2006; Rea et al. 2016) were discovered. These findings hint at a complex, more compounded picture.
On 2020 March 12, the Burst Alert Telescope (BAT) on board the Neil Gehrels Swift Observatory (Gehrels et al. 2004 ) triggered on a burst, which was soon recognized to have characteristics typical of those of short bursts from magnetars (Evans et al. 2020 ). The Swift X-ray Telescope (XRT) started to observe the field about 64 s afterwards, and detected a new uncatalogued X-ray source, Swift J1818.0-1607 (henceforth dubbed Swift J1818). Follow-up observations with NICER detected a coherent periodic X-ray signal at 1.36 s (Enoto et al. 2020) . Furthermore, radio observations from several antennas identifed Swift J1818 as the fifth radioloud magnetar (Karuppusamy et al. 2020) and provided a first measurement of the spin period derivative of 8.2 × 10 −11 s s −1 (Champion et al. 2020 ), converting to a dipolar magnetic field of B ∼ 6.8 × 10 14 G. This Letter reports on: i) the burst detected by Swift/BAT that led to the discovery of Swift J1818, ii) prompt simultaneous X-ray observations using XMMNewton and NuSTAR, iii) the Swift/XRT monitoring campaign over the first three weeks of the outburst, iv) radio observations with the Sardinia Radio Telescope (SRT) in the P (0.34 GHz) and L (1.5 GHz) bands, performed one week after the burst detection ( §2 and §3). Summary of the results and discussion follow ( §4).
2. X-RAY EMISSION 2.1. Observations and data analysis 2.1.1. Swift
After the Swift/BAT detection of the burst and the prompt slew of the spacecraft (obs.ID 00960986000), several Swift/XRT observations of Swift J1818 were carried out, in both photon counting (PC, CCD readout time of 2.5 s) and windowed timing (WT, readout time of 1.8 ms) modes (see Table 1 ). The data were processed and analyzed using standard procedures and software packages (heasoft v. 6.25, caldb 2020-01-09) . The source photons were selected within a 20-pixel radius (1 pixel = 2. 36). Swift/BAT mask-tagged light curves, images and spectra were created only for the burst event.
XMM-Newton
Swift J1818 was observed with the European Photon Imaging Camera (EPIC) on board the XMM-Newton satellite on 2020 March 15 for an on-source exposure Figure 1 . Observed X-ray surface brightness up to a radial distance of 300 arcsec from the source. The red curve represents the PSF model. The inset shows a false-color X-ray image from the pn observation. Red, green and blue colors correspond to the 2-4, 4-7.5, and 8.5-12 keV energy bands, respectively.
time of 22.1 ks (Table 1) . The EPIC-pn (Strüder et al. 2001 ) was set in large window mode (LW; timing resolution of 47.7 ms), while both MOS detectors (Turner et al. 2001) were operating in small window (SW; timing resolution of 0.3 s) mode. In this Letter, we use only the data acquired with the EPIC-pn camera, owing to its higher time resolution and better capability to model diffuse emission around the source ( §2.2.2) compared to the central CCD of the MOS operated in SW. The raw data were analyzed with the Science Analysis Software (SAS v. 18.0.0). We cleaned the observations from periods of high background activity; in the EPIC-pn, this resulted in a net exposure of 14 ks. We detected diffuse emission around the source (Fig. 1) . To quantify the spatial extension of such emission, we extracted the radial profile of the observed surface brightness up to a radial distance of 300 arcsec from the source position. We then modelled it using a King function reproducing the pn point-spread function (Ghizzardi 2002 ) plus a constant term accounting for the background level. A photon excess associated to the diffuse emission is present at radial distances within the ≈50-110 arcsec range (Fig. 1) . We selected the source photon counts from a circle of 40 arcsec radius, and those of the diffuse emission from an annulus with radii of 50 and 110 arcsec. The background level was estimated using a 100-arcsec circle far from the source, on the same CCD. The average backgroundsubtracted surface brightness of the diffuse emission was (0.086 ± 0.002) counts arcsec −2 (0.3-10 keV). a The instrumental setup is indicated in brackets: FF = full frame, PC = photon counting, WT = windowed timing, and LW = large window. b The count rate is in the 0.3-10 keV energy range, except for ROSAT (0.1-2.4 keV) and NuSTAR (3-20 keV); if the source was not detected, we give a 3σ upper limit.
NuSTAR
NuSTAR (Harrison et al. 2013) observed Swift J1818 on 2020 March 15 for an on-source exposure time of 22.2 ks (Table 1) . We reprocessed the event lists and filtered out passages of the satellite through the South Atlantic Anomaly using the nupipeline script of the NuSTAR Data Analysis Software (nustardas 1.9.3) and the latest calibration files (v. 20191219). Stray-light contamination from a source outside the field of view was evident for both modules, particularly in the FPMB data. A circle with a radius of 100 arcsec was used to collect source photons (∼90% enclosed energy fraction; Madsen et al. 2015) , while background counts were extracted from a 100-arcsec circle located on the same chip as the target. Swift J1818 was detected up to ∼20 keV and ∼15 keV in the FPMA and FPMB, respectively. To study the source emission up to the highest energies we used only the data from the FPMA. We extracted light curves and spectra and generated instrumental response files using nuproducts.
Results of the X-ray analysis

Burst Properties
The burst had a T90 duration (the time interval containing 90% of the counts) of 8 ± 2 ms and a total duration of ∼9 ms. These values were computed by the Bayesian blocks algorithm battblocks on maskweighted light curves binned at 1 ms in the 15-150 keV range ( Fig. 2) , where essentially all the emission is contained.
The light curve of the event is shown in Fig. 2 . We tested a blackbody, a power law, and an opticallythin thermal bremsstrahlung to the time-averaged spectrum. All models provided good fits, with reduced χ 2 , χ 2 ν = 0.62 for 56 degrees of freedom (dof) in the case of a blackbody (temperature of kT = 6.4 ± 0.7 keV), χ 
Persistent emission
The XMM-Newton/EPIC-pn and NuSTAR/FPMA background-subtracted spectra were grouped so as to have at least 100 and 50 counts per bin, respectively. The spectral analysis was performed with xspec. Absorption by the interstellar medium was modelled using the TBabs model with the abundances from Wilms et al. (2000) .
Firstly, we fit an absorbed blackbody model to the EPIC-pn spectrum of the diffuse emission over the 2-10 keV range (a detailed study of this component will be presented in a forthcoming paper), yielding a temperature kT diff = (0.88 ± 0.02) keV. We then modelled the EPIC-pn Swift J1818 spectrum over the 2-10 keV range with two blackbody components, by fixing the temperature and normalization of one component to the values derived from the fit of the diffuse emission alone. We derived a column density of N H = (1.22±0.03) × 10 23 cm −2 , a source temperature of kT = (1.19 ± 0.02) keV and an emitting radius of R BB = (0.56 ± 0.02) km (at 4.8 kpc).
We then performed a joint fit of the EPIC-pn and FPMA spectra. We removed the FPMA data below 8 keV to minimize contamination from diffuse emission at low energies. We added a power-law component to model the source high-energy emission, and tied all parameters between the two spectra. . Given the short exposure, poor statistics and S/N of the Swift/XRT observations, our analysis was mainly aimed at sampling the long-term flux evolution of Swift J1818, and supplementing the XMM-Newton and NuSTAR timing analysis. For this reason, we fit simultaneously all the Swift spectra with an absorbed blackbody model (N H was kept frozen at the abovementioned value). Fig. 2 shows the long-term light curve of Swift J1818. From the XMM-Newton spectral analysis, we estimate that the systematic uncertainty of fluxes and luminosities resulting from contamination by the diffuse emission is 15 % (if steady in time).
The field of Swift J1818 was observed several times with sensitive imaging instruments before March 2020 (Table 1 ; Mereghetti et al. 2012 ). The source was not detected in any observation (see Table 1 for the 3 σ upper limits on the count rate). The Chandra and the 2018 XMM-Newton observations provided the deepest limits. Using the webpimms tool 1 and assuming an absorbed blackbody with kT = 0.3 keV and N H = 1.2×10 23 cm −2 , both their limits translate into a 0.3-10 keV flux of < 3.5 × 10 −14 erg cm −2 s −1 , corresponding to a luminosity of < 6.5 × 10 33 d 2 4.8 erg s −1 .
Timing Analysis
For the timing analysis, we referred the photon arrival times to the Solar System barycenter using the best Swift position (RA = 18 h 18 m 00. s 22, Dec = −16 • 07 52. 3, J2000.0; uncertainty of 2.4 arcsec at 90% c.l.; Evans et al. 2020) . By a phase-fitting analysis of the Xray data, we measured a period P = 1.363489(3) s and a period derivativeṖ = 9(1) × 10 −11 s s −1 (with epoch MJD 58922.31 and valid over the MJD range 58923.5-58928.5). The energy-resolved pulse profiles extracted from EPIC-pn and NuSTAR data are shown in Fig. 2 . The background-subtracted peak-to-peak semi-amplitude increases with energy from (52±2) % to (66±2) % over the 1-10 keV band (as measured with the EPIC-pn), and is equal to (58±13) % in the 10-20 keV range. The latter values are not corrected for the underlying diffuse emission component, which should affect the pulsed fraction values by a few percents.
RADIO EMISSION
We observed Swift J1818 with the SRT on 2020 March 19 at 05:05 UTC for 1 hour, using the coaxial L/P band receiver to observe simultaneously in two frequency bands, centered at 1548 MHz and 336 MHz, respectively. In the L band, we recorded the total intensity signal in incoherent search mode over a usable bandwidth of ∼390 MHz with frequency resolution 1-MHz and time resolution 100 µs. We de-dispersed and folded the data using the nominal position of the source (Evans et al. 2020 ) and the spin parameters and dispersion measure (DM) by Champion et al. (2020) . We extracted topocentric times-of-arrival and used them to determine the DM = 700.8(6) pc cm −3 , the spin frequency ν = 0.7333920(2) Hz (P = 1.3635273(4) s) and the pulse profile width (at 50% of the peak) W 50 ∼ 40 ms at epoch MJD 58927.23. The optimized S/N ∼ 22 of the SRT observation implies an average flux density S ave ∼ 0.2 mJy, assuming an antenna gain 0.55 K/Jy and system temperature ∼30 K during the observation (S ave and all the energetic/fluence calculation below must be considered as a lower limit since the residual in-band RFIs can have significantly affected the value of the rms noise).
A search for single pulses was carried out with PRESTO (Ransom 2001) . The data were downsampled by a factor of four and de-dispersed at the DM above. The script single pulse search.py was then run with S/N threshold of 8 and maximum width of 0.1 s, unveiling 53 pulses. Their width (W 50 SP ) ranges from ∼7 to ∼22 ms (significantly smaller than the width of the total profile) and their pdmp 2 S/N from 7 to 37. The energetic per rotation E SP (the pulse-integrated flux density using a pulse width at 50% of the peak and averaged over a spin period) of each single pulse was determined from the values above and compared with the average energetic per rotation of the radio emission E no−SP , after removing the rotations containing the aforementioned single pulses. We found a ratio R E = E SP /E no−SP ranging from 16 to 126.
In the P band, we collected baseband data over a bandwidth of 64 MHz. After coherently de-dispersing and folding, we could not detect any pulsations from Swift J1818. This can be ascribed to scattering of the radio signal by the interstellar medium. Indeed, evi- dence of scattering was seen in the lower part of the L band by other telescopes (Lower et al. 2020; Joshi & Bagchi 2020) , which report a scattering timescales of τ s ∼ 44 ms at 1 GHz and ∼ 500 ms at 600 MHz. These imply τ s ∼3.5 s at 336 MHz, hence pulsations in the P band are likely completely smeared out.
Finally, we searched for Swift J1818 in archival Parkes data. We found one observation at offset of 2.9 taken on 1998 Aug 01 at 1374 MHz. No pulsations down to a S/N = 7 were detected, implying an upper limit to the flux density of 0.12 mJy.
DISCUSSION
With a spin period of 1.36 s, Swift J1818 is among the fastest magnetars, in between the very active magnetar 1E 1547.0-5408 (2.1 s, also a radio emitting one; Camilo et al. 2007 ) and the allegedly rotation-powered pulsars PSR J1846-0258 (0.33 s) and PSR J1119-6127 (0.41 s), which underwent magnetar-like outbursts (Gavriil et al. 2008; Archibald et al. 2016) .
The timing properties of Swift J1818 can be used to infer: (i) the characteristic age τ c = P/(2Ṗ ) 240 yr; (ii) the spin-down luminosityĖ rot = 4π
2 IṖ P −3
1.4 × 10 36 erg s −1 , assuming a moment of inertia I ≈ 10 45 g cm 2 ; (iii) the intensity of the dipolar component of the magnetic field at the pole, B ≈ 6.4 × 10 19 (PṖ )
1/2 7 × 10 14 G using the classical formula for an orthogonal rotator in vacuum. With a characteristic age of 240 kyr, Swift J1818 represents the youngest pulsar discovered to date in the Galaxy, seconded by PSR J1846-0258. However, we caution that the age of Swift J1818 needs confirmation by aṖ measurement during quiescence and by the detection of its supernova remnant.
The observed 9 ms burst with average luminosity
2), and a persistent X-ray spectrum at the outburst peak modeled by a blackbody of ∼1 keV and a dim non-thermal component, are commonly seen during magnetar outbursts (e.g. Coti Zelati et al. 2018 ).
The radio emission of Swift J1818 is not dissimilar to what observed in other radio magnetars. The period measured with SRT in radio is compatible within 3σ with our X-ray period and its derivative (Sect. 2.2.3). The fluence distribution of the strongest single pulses can also be fit with a power-law having index −3.7 ± 0.3 (1σ uncertainty, Fig. 3 ). This, together with the fact that W 50 SP W 50, and with the high values of R E , are all reminiscent of the giant pulses observed in dozens of radio pulsars (e.g. Oronsaye et al. 2015) . The ratio S SP /S ave ∼ 0.50, where S SP is the average flux density associated to the sum of the 53 single pulses, is independent of the uncertain flux calibration (Sect. 3), and implies that at least 50% of the total energy of the radio emission from Swift J1818 is released in the form of giant pulses. They have an average cadence of ∼0.9 min −1 (one burst every ∼50 rotations) and fluence larger that 1.3 Jy ms. This may imply that the underlying radio emission mechanisms of Swift J1818 consists of sporadic emission of a succession of strong single radio bursts rather than regular emission as in ordinary radio pulsars. (Camilo et al. 2018; Younes et al. 2017 ). Fig. 4 shows the quiescent X-ray luminosity (estimated as explained by Coti Zelati et al. 2018) , as a function of the spin-down luminosity for all neutron stars (NSs) that showed magnetar-like emission, some high-B radio pulsars with detected X-ray emission, and the isolated thermally emitting NSs (Turolla 2009 ). This figure shows that the balance between magnetic energy (related to the quiescent luminosity) and rotational power might differ considerably between different sources of the same class. Most of the radio magnetars can count on large rotational energy (Rea et al. 2012) , and this is also the case for Swift J1818.
The X-ray non-thermal emission in quiescence expected from the empirical L X -Ė rot relation for rotationpowered X-ray pulsars by Shibata et al. (2016) is L X = 3 +2 −1 × 10 32 erg s −1 (0.5-10 keV). This value is consistent with the non-detection in the archival data (Table 1), but much smaller than the outburst value, 7 × 10 34 d 2 4.8 erg s −1 ( §2.2.2). The X-ray conversion factor is L X /Ė rot < 1 in quiescence, and even at the outburst peak.
NSs with true age of a few centuries are expected to be still hot, with thermal luminosity normally exceeding 10 34 erg s −1 (Pons et al. 2009; Viganò et al. 2013 ). Moreover, when high magnetic fields are taken into account, the Joule dissipation of the currents in the crust keeps the surface even hotter. According to crustal-confined magnetic field evolutionary models (Viganò et al. 2013) , we should expect a minimum quiescent thermal luminosity of at least L qui = (5-7) × 10 34 erg s −1 , or even higher if the NS has an envelope of light-elements, or the magnetic field has additional small scales components and/or a toroidal component.
The value we derive for the quiescent luminosity of Swift J1818 is < 10 34 d 2 4.8 erg s −1 (see Fig. 4 ), rather low given the magnetic field (B 10 14 G,) of this young magnetar. This can be explained if: a) currents are living only in the core, there are no toroidal components, and the NS underwent a fast cooling phase (meaning direct URCA processes and/or early superfluid transition; e.g. Page et al. 2011) ; b) the source is farther than the distance estimated from the DM. In this respect, we note that distances inferred from the DM have large uncertainties for individual objects, and in the case of Swift J1818, the value also strongly depends on the model for the Galactic electron density, 4.8 kpc using the YMW16 model (Yao et al. 2017 ) and 8.1 kpc with the NE2001 (Cordes & Lazio 2002) .
If the diffuse emission surrounding the source is a dust scattering halo due to the bursting activity or the brightening of Swift J1818 (see Tiengo et al. 2010) , our future observations of the evolution of the source towards quiescence will help to address this issue as well as that of the quiescent spin-down rate.
The emission observed from Swift J1818 is yet another example of the possible ubiquitous presence of magnetar-like activity in pulsars of any class.
